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RESTORATION ECOLOGY: LONGTERM
EVALUATION AS AN ESSENTIAL FEATURE OF
REHABILITATION*
JOHN E. GANNON**
I. INTRODUCTION

In its brief existence as a recognized scientific discipline, restoration
ecology has focused almost exclusively on terrestrial and wetland
habitat. As a consequence, aquatic restoration and rehabilitation, an
important component of restoration ecology, is a relatively new
This article examines the ecosystem approach to
discipline.
rehabilitation of the Great Lakes Basin and proposes that waterfront
redevelopment and terrestrial and wetland habitat restoration should be
accompanied by aquatic habitat restoration. Furthermore, aquatic
habitat restoration must include rehabilitation of hard-bottom substrates
and structures as well as pollution cleanup and management of soft
sediments. Lastly, the article suggests that longterm evaluation is
indispensable for aquatic habitat restoration and rehabilitation to be
truly successful in the Great Lakes region. Only through longterm
evaluation can we determine whether habitat restoration goals have
been met at specific sites and transfer successful lessons learned at
other locations.

* Prepared for the International Environmental Dredging Symposium, in Buffalo,
New York, September 1992.
** Dr. Gannon is Chief of the Habitat and Contaminant Assessment Section at
the U.S. Fish and Wildlife Services National Fisheries Research Center-Great Lakes
in Ann Arbor, Michigan. He began his career working on the first comprehensive
study of the effects of open-lake disposal of harbor dredging on Great Lakes biota.
Currently, Dr. Gannon leads a staff of thirty biologists and chemists in conducting
research on Great Lakes habitat and toxic contamination problems. Altogether, Dr.
Gannon has conducted research on Great Lakes ecology and resource problems for
over two decades.
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II. HISTORICAL BACKGROUND
A. From Abundance to Depletion
Despite an insufficiency of recorded history concerning the early
Great Lakes region, one can well imagine the diversity of wetland and
upland complexes along the lower reaches of the Great Lakes tributary
streams. Supported by those diverse complexes, the region flourished
with an abundance of plants, fish, and wildlife.1 Consequently, the area
was a prime location for Native American settlements. For precisely the
same reason and because of easy transportation, the lower reaches of the
Great Lakes tributary streams also became the foci for European pioneer
settlements.2
The history of settlements in and around the Great Lakes basin is
a scenario of repeated exploration, development, and depletion of natural
resources, especially in the tributary mouths, harbors, connecting
channels, and embayments composing the 43 Areas of Concern.3 Where
nature is abundant, there is little incentive to conserve, for there exists
the naive assumption that natural resources are vast and incapable of
being depleted. Due to the mistaken belief that, because there was an
abundance of plants and animals elsewhere, habitat destruction was
inconsequential, as the region's early settlement grew into urban areas
much of the ecosystem was destroyed.4 Other significant factors
contributing to the habitat destruction include municipal and industrial
growth, which destroyed much of the natural habitat for the sake of
economic development.' The invention of the modem flush toilet, for
instance, contributed to massive environmental pollution, for the
accepted sanitary engineering practice of the time involved the use of
river courses and their receiving lake body as vehicles for waste disposal
of all kinds.6
As the Great Lakes basin developed, increased amounts of building

1. See generally WILLIAM ASHWORTH,
ENVIRONMENTAL HISTORY (1986).

THE

LATE

GREAT

LAKEs:

AN

2. Id.
3. Areas of Concern refer to geographic areas which have failed to meet the
general or specific objectives of the Agreement such that it "has caused or is likely
to cause impairment of beneficial use or of the area's ability to support aquatic life."
Protocol Amending the Great Lakes Water Quality Agreement of 1978, Nov. 18, 1987,
U.S.-Can., Hein's No. KAV 255 [hereinafter 1987 Protocol], Annex 2, § 1(a).
4. Id. at 4.
5. Id. at 8, 14, 59, 60, 69.
6. NOEL M. BURNs, ERIE: THE LAKE THAT SURVIVED 8 (1985).
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materials and fuel were required. Consequently, deforestation of the
watersheds occurred at a rapid rate and the resulting bare and scarred
soils led to increased siltation in tributary streams.7 Siltation, in turn,
smothered the rocky shoals and riffles, which are essential fish habitat.
Construction of dams for milling, hydropower, and other purposes
further destroyed habitat and blocked access to spawning grounds for
many of the Great Lakes' species. Due to the shading effects of
increased turbidity and physical disturbance, aquatic weed beds also
were eliminated. In short, wetlands were filled and productive littoral
shorelines bulkheaded and, as a result of economic progress, the vast
majority of fish and wildlife habitat was destroyed in the Areas of
Concern.'
With increased economic activities and settlements, the river
mouths grew in their importance both as transportation centers and as
links between water and land routes. The consequent channel
alterations, sediment disturbance by ships, particulate wastewater
discharges, and siltation from upstream sources resulted in sediment
accumulations that had to be dredged from shipping channels.
Inevitably, the need to dredge gave birth to the practice of open lake
dumping of dredged materials: the cheapest and therefore most common
method of disposal.9

B. Awakening to the Destruction
It was not until the mid 1960s, when the first comprehensive study
of the effects of open-lake disposal of harbor dredgings on Great Lakes
biota was commissioned, that the scientific community became cognizant
of the degree and extent of sediment contamination. ° The findings
elicited concern about the effects of dredged sediment disposal on the
open-lake fish and other organisms. The concern stemmed from the
great economic value of the fishing industry. In sharp contrast,
however, there was little concern about the effects of the contaminated
sediments in the harbors even though these areas had been turned into
open sewers and biological wastelands. It was only much later that

7. ASHWORTH, supra note 1, at 69-74.
8. See id. at 4, 77.
9. JERRY SULLIVAN & ALICIA BIXBY, A CInZEN'S GUIDE: CLEANING UP
CONTAMINATED SEDIMENT 10 (1989).
10. JOHN E.GANNON & ALFRED M. BEETON, UNIVERSITY OF WIS.-MILWAUKEE
CENTER FOR GREAT LAKES STUD., SPECIAL REP. No. 8, STUDIES ON THE EFFECTs OF
DREDGED MATERIALS FROM SELECTED GREAT LAKES HARBORS ON PLANKTON AND
BENTHOS (1969).
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open-lake disposal of the most polluted sediments was banned and
confined disposal facilities (CDFs) were constructed to contain the
polluted dredge spoils.
Despite progress in point and non-point controls of pollution,
concerns about traditional pollutants in river and harbor sediments
remain. Improvements in pollution control are still very much needed
even though changing technologies and economic conditions have led to
the disappearance of much of the heavy industry responsible for polluted
sediments, and municipal sewage treatment plants have been upgraded.
The need for improvement persists, if for no other reason than that
waterborne transportation remains essential to our way of life and
therefore dredging to keep shipping channels open continues to be
necessary.
The developments chronicled above have generally occurred in all
of the rivers, harbors, and connecting channels composing the majority
of the Areas of Concern. Fortunately, however, there is growing
pressure for cleanup and habitat restoration. Interest in waterfront
revitalization has been prompted by the exodus of heavy industry and
by the implementation of water quality improvements. As the
redevelopment of waterfront lands is contemplated, we have a unique
opportunity to preserve the remaining upland and wetland habitats,
restore terrestrial and wetland habitats, and extend these rehabilitation
efforts into the water.
III. DREDGING IN THE CONTEXT OF ECOSYSTEM INTEGRITY
A Recommendations and Approach
Dredging is a disturbance of the aquatic ecosystem that no doubt
continues because of its importance to transportation and to the
economy in general. Dredging, however, should no longer be viewed
narrowly as the removal and disposal of soft sediments; instead it should
be viewed in the broader context of ecosystem management. The
ecosystem approach to management of the Great Lakes basin as
embodied in the 1987 Protocol to the U.S.-Canada Great Lakes Water
Quality Agreement" and the sustainable development theme of the
World Commission on Environment and Development, 2 calls for the
harmonization -of environmental and economic goals. In order to be

11. 1987 Protocol, supra note 3.
12. See WORLD COMMISSION ON ENVIRONMENT AND DEVELOPMENT, OUR COMMON
FUTURE (1987).
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13
successful, the Remedial Action Plans (RAPs) being developed to
restore beneficial uses in the Areas of Concern must embrace these
themes because economic redevelopment and habitat restoration are
14
occurring simultaneously in most Areas of Concern.
Steps to restore ecosystem integrity to the Areas of Concern,
therefore, should include (1) implementation of aquatic habitat
15
rehabilitation in both depositional and erosional zones, (2) careful
consideration of the impact of dredging on downstream and adjacent
erosional habitats, and (3) evaluation of engineering structures (i.e.,
navigation aids, shoreline protectors, and confined disposal facilities)
whose rock-armored walls create new aquatic and terrestrial habitat.

B. Aquatic HabitatRehabilitation:LearningAs We Go
1. Soft Habitats. We generally know more about soft-sediment
habitats than about firm habitats. This is because soft-bottom
sediments have been studied by limnologists for 200 years and
quantitative sampling techniques have been well established. Also,
benthic organisms in soft sediments have been used successfully as
water and sediment quality indicators. The sum of our knowledge
suggests that the challenges for depositional habitat rehabilitation
essentially are three-fold: 1) to reduce sediment loading through better
controls and management of upstream non-point sources, 2) to dredge
only when and where necessary, and 3) to eliminate active sources of
contamination and remediable contaminated sediments through
appropriate technologies, for instance, the kind being developed in
Europe and which also are currently being considered for the Great
Lakes by the Assessment and Remediation of Contaminated Sediments
(ARCS) Program.
2. Finn-SubstrateHabitats. Whereas there is a substantial body
of knowledge about soft sediment habitats, we know much less about
firm substrates in the Great Lakes. These areas, although known to be
13. 1987 Protocol, supra note 3, Annex 2, §4.
14. John H. Hartig & Michael A. Zarull, Keystones for Success, in UNDER RAPS:
TOWARDS GRAssRoOTs ECOLOGICAL DEMOCRACY IN THE GREAT LAKES BASIN 263

(John J. Hartig & Michael A. Zarull eds., 1992).
15. Riverine and estuarine environments are broadly classified into depositional
zones, where soft sediments accumulate, and erosional zones, where soft sediments
flush away to expose rocky substrates. Both zones provide important habitat for fish
and for the aquatic food web that supports them. Kenneth W. Cummins & Richard
W. Merritt, Ecology and Distributionof Aquatic Insects, in AN INTRODUCTION TO
AQUATIC INSEcTS 59-60 (Kenneth W. Cummins & Richard W. Merritt eds., 1984).
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important spawning and nursery grounds for fish, are notoriously
difficult to sample quantitatively and have been largely ignored by
ecologists until recently. We can learn from stream ecologists and
fishery biologists who, for many years, have been studying riffle zones
of small streams and have been conducting stream improvement projects
for bank stabilization and sediment control. It is, however, uncertain
how many of these techniques can be adopted either in the Great Lakes'
larger river systems of connecting channels or in the more estuarine-like
conditions of the lower reaches of rivers and their harbor complexes.
3. HabitatCreationTechniques to Consider. In order to attract fish
for the sport fishery, artificial reefs recently have been constructed in
the Great Lakes, several of them in the Areas of Concern. The
importance of artificial reefs as a fishery management technique and
their contribution to improving fish productivity through the creation of
firm substrate habitat is yet unknown.' However, through evaluation
of these artificial reefs and with a better understanding of the ecology
of natural reef systems we have an opportunity to learn how habitats
might be created in the Areas of Concern ." Engineering structures
(e.g., breakwaters, piers, jetties, groins) built and maintained for
navigation and shoreline and harbor protection, among other purposes,
incidentally provide firm-substrate habitat. The Great Lakes Fishery
Commission's Habitat Advisory Board is considering a new initiative to
evaluate the habitat created by such structures in the Great Lakes and
to determine how habitat can be enhanced without diminishing the
structures' principal engineering functions.'8
4. GreaterUnderstandingThrough Mesocosms. We may be better
able to understand the interrelationships between soft and firm-bottom
habitats through controlled experiments in mesocosms-enclosures where
studies on water-substrate interrelationships can be conducted. The
development of a mesocosm facility has been recommended for the Great
Lakes and such facilities already have been successfully employed in

16. GREAT LAKES FISHERY COMM'N, SPECIAL PUB. No. 90-2, INTERNATIONAL

PosITION STATEMENT AND EVALUATION GUIDELINES FOR ARTIFICIAL REEFS IN THE
GREAT LAKES (1990).

17. See generally John E. Gannon et al., The Ecology ofNatural Shoals in Lake
Ontario and Their Importance to Artifwial Reef Development, in ARTIFICIAL REEFS
113 (Frank D'Itri ed. 1985); James A. Bohnsack et al., Ecology of Artificial Reef
Habitats and Fishes, in ARTIFICIAL HABITATS FOR MARINE AND FRESHWATER
FISHERIES 61 (William Seaman, Jr. & Lucian M. Sprague eds., 1991).
18. Interview with Douglas P. Dodge, Chairperson, Habitat Advisory Board,
Great Lakes Fishery Commission, in Ann Arbor, Mich. (Nov. 1992).
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small freshwater lakes as well as in marine waters.19 Similarly, we
can learn from research being conducted in large aquarium complexes.
It is in such complexes that the interactions of the physical environment
and living ecosystem are yet to be researched as a prerequisite to
providing longevity of resident species in a balanced and healthy
environment. 2
5. Recommended Strategy: A Step-wise Approach. Choosing the
type of habitat restoration project for a particular location can be
difficult because there are so few case histories or demonstration projects
from which to learn. This problem was addressed at a habitat
rehabilitation workshop held during the Remedial Action Plan Forum in
the fall of 1991 in Traverse City, Michigan. Table 1 reflects the generic
step-wise approach to habitat project selection that was recommended
at the workshop. The approach is based on reaching consensus on
habitat goals, evaluating alternatives, and selecting techniques to
achieve those goals.

19. John E. Gannon, Persistent Toxic Substances and Zooplankton in the Great
Lakes, in Toxic CONTAMINANTS AND ECOSYSTEM HEALTH: A GREAT LAKES Focus
527, 532 (21 Advances in Environmental Science & Technology, 1988).
20. See generally WALTER H. ADEY & KAREN LOVELAND, DYNAMIc AQuARIA:
BUILDING LIVING ECOSYSTEMS (1991).
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Table One: Generic habitatprotection, restoration,
and rehabilitationstrategy. A step-wise approach.21
1. Define geographic extent.
2. Classify and inventory existing habitat.
3. Compare present habitat with previously existing habitat using
all available historical documentation.
4. Identify and protect existing critically important habitat.
5. Develop consensus on the goals for habitat protection,
restoration, and rehabilitation.
6. Evaluate alternatives and select strategies and techniques to
achieve habitat goals.
7. Address policy issues or obstacles that need to be resolved
before habitat strategies and techniques can be implemented.
8. Develop and implement an evaluation plan to assess the
strategies and techniques to meet habitat goals.
9. Use evaluation results to modify strategies and techniques, as
necessary, to achieve habitat goals.
This nine-step approach effectively defines and implements

strategies according to the mandates of current environmental

policy.
IV. THE IMPORTANCE OF LONG-TERM EVALUATION

A- MonitoringStatus and Trends
Environmental monitoring has historically provided the primary
indicator of the need for water pollution controls. Its principal objective,
however, has been to assess whether regulatory and management
programs are working satisfactorily or need adjustments. The public, on
the other hand, is interested in monitoring results that indicate whether
the lakes and specific geographic locations are getting better or worse.
It is clear that, as we approach the year 2000, public officials and public
interest groups are calling for a review of monitoring data and for a
synthesis of environmental status reports on the state of the lake, bay,
river, and other ecological zones.
Despite the interest in monitoring, it would be a mistake to think that
monitoring efforts receive high priority within agency programs.
Actually, monitoring programs are viewed by most scientists and

21. Habitat Protection and Rehabilitation Workshop, John E. Gannon and
Douglas P. Dodge Co-conveners, Remedial Action Plan Forum, in Traverse City, Mich.
(Sept. 27-28, 1991).
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program managers as routine and mundane, and are constantly subject
to the constraints arising from the perceived management crisis of the
year. The Great Lakes International Surveillance Plan (GLISP)
recommended by the International Joint Commission 2 is strong on
planning but weak on implementation. Year-to-year continuity, data
compatibility, coordination, and the integration of the various
components into a more holistic approach are essential to a more
comprehensive picture of Great Lakes status and trends.'
Yet
maintaining long-term monitoring programs in the face of short-term
budget cycles has proven nearly impossible.
B. Value of Longterm MonitoringRecognized
Fortunately, as we realize that our understanding of complex
environmental problems is requiring a more longterm approach to
ecological research, the dichotomy between monitoring (i.e., considered
boring) and "cutting-edge" research (i.e., considered exciting) is
beginning to blur. For instance, traditional single medium (e.g., water,
air, fish) monitoring programs are being revised to become more
comprehensive and integrative. Chemical contaminant monitoring
programs are evolving into biomonitoring programs, by which ecosystem
health indicators are measured. Examples of this recent trend toward
longterm biomonitoring include the EPA's Environmental Monitoring
and Assessment Program (EMAP);2' the Geological Survey's National
Water Quality Assessment Program (NAWQA);Y the Fish and Wildlife
Service's Biomonitoring of Environmental Status and Trends Program
(BEST); the National Oceanic and Atmospheric Administration's

22. GREAT LAKES QUALITY BOARD, 1975 REPORT ON GREAT LAKES WATER

QUALITY (1975).
23. John E. Gannon et al., IndicatorApproaches Used in the Great Lakes
InternationalSurveillance Program, 3 OCEANS 86 CONFERENCE RECORD 894 (1986).
24. See U.S. ENVIRONMENTAL PROTECTION AGENCY, ECOLOGICAL INDICATORS FOR
THE ENVIRONMENTAL MONITORING AND ASSESSMENT PROGRAM (USEPA Report 600/3-

90/060) (1990).
25. See Robert M. Hirsch et al., Concepts for a National Water-Quality
AssessmentProgram,U.S. GEOLOGICAL SURVEYCIRCULAR 1021 (1988);see also Robert
M. Hirsch, ConceptualDesignfor the Surface Water Component ofthe NationalWater
Quality Assessment (NAWQA) Program, 3 OCEANS 86 CONFERENCE RECORD 779
(1986).
26. DIVISION OF ENVIRONMENTAL CONTAMINANTS, U.S. FISH AND WILDLIFE
SERVICE, BIOMONITORING OF ENVIRONMENTAL STATUS AND TRENDS (BEST) DETAILED

PLAN (forthcoming 1993).
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National Status and Trends Program (NS&T); 7 and Canada's State of
the Environment Initiative.' It is, however, too early to know whether
this new interest in monitoring can be sustained and translated into a
longterm funding commitment for these new programs.
In the Great Lakes Areas of Concern, monitoring activities that will
be used to track the implementation of remedial measures and to
provide the eventual confirmation that beneficial uses indeed have been
restored, are called for in each RAP.2 Yet, the few existing habitat
restoration projects in the Areas of Concern have had a poor record of
monitoring and evaluation after the remedial measures were installed.
This is because there is a tendency to walk away from a project once it
is completed and move on to the next issue. Even well publicized
projects that predate RAPS, such as the installation of berm into the St.
Marys River Rapids and the wildlife habitat enhancement project in the
Pt. Mouilee State Game Area, have received only qualitative and cursory
follow-up evaluation.
C. The Role of the Public
In these times of increasing demands on diminishing governmental
resources, it is difficult to envision habitat restoration projects receiving
sufficient attention to cover the costs of monitoring and evaluation. Yet,
it is of critical importance that we learn from the demonstration projects
and then transfer successful technologies from one area to another.
Short-term monitoring may never detect progress in achieving habitat
restoration goals. Public support for monitoring the effectiveness of
habitat restoration and rehabilitation projects is essential to keeping
longterm evaluation sufficiently high on agency agendas. As Hartig
notes, citizens' advisory committees or comparable groups have been
crucial to developing RAP programs that incorporate the ecosystem
approach.'
Indeed, citizen groups may in some instances even
establish partnerships with agencies and assume responsibility for
certain aspects of the longterm monitoring program.
27. See John A Calder, MarineEnvironmentalQuality: NOAA's NationalStatus
and Trends Program,5 OCEANS 86 CONFERENCE RECORD 1351 (1986).
28. Ronald A Taylor, Greening of Canada Outlined in Proposal,WASH. TIMES,
Dec. 12, 1990, at A7.
29. John. H. Hartig & Michael A. Zarull, Methods of Restoring Degraded Areas
in the Great Lakes, 117 REV. OF ENVTL. CONTAMINATION AND TOXICOLOGY 127, 128-

29, 151 (1991).
30. John H. Hartig et al., Overcoming Obstacles in GreatLakes Remedial Action
Plans, 3 INT'L ENVTL. AFF. 91, 97 (1991).
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V. CONCLUSION

Nothing maintains and replenishes habitat better than nature itself.
Given our current state of knowledge, and the fact that engineering is
more art than science, we must implement a wide range of pilot projects
on soft- and hard-bottom sediments and follow through with longterm
evaluation so as to learn from our successes and failures. Only then can
we be in a strong position to protect and restore various habitat types.
Dredging is a utilitarian activity that formerly was viewed only from an
economic standpoint. Now dredging needs to be viewed in the context
of environmentally sustainable economic development. Environmental
dredging is one option for cleaning up soft-bottom sediment habitats.
If sources of pollution and contamination are eliminated, it is reasonable
to restore the integrity, stability, and beauty of the biotic community in
the Great Lakes Areas of Concern. Because habitats in these areas were
so vastly altered by industrial and municipal development, the
restoration tasks ahead are indeed massive and will require a higher
degree of cooperation between governments and citizens than previously
achieved. As Magnuson put it, "we will need to be patiently impatient
if we are to keep moving in the right direction."31

31. John J. Magnuson, The Laurentian Great Lakes in the Process of

Rehabilitation,10 RESTORATION AND MGMT. NOTES 29, 32 (1992).

